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OPTICAL DISC RECORDING METHOD AND OPTICAL DISC 

FIELD OF THE INVENTION 
The present invention relates to an optical disc and to 
a recording method for an optical disc. More particularly, 
the invention relates to a recording method for an optical 
disc with a plurality of recording layers, and to the 
recording of test data for determining the optimal recording 
power in each recording layer. The invention also relates to 
an optical disc for use in recording by the above method, 
and to an optical disc on which recording has been performed 
by the above method. 



BACKGROUND ART 

In conventional recording methods for optical discs 
having a plurality of recording layers, when test recording 
is performed in the recording layers, test recording areas 
are formed in adjacent recording layers in locations that 
overlap in the thickness direction. Moreover, the optimal 
recording power is determined for each recording layer 
without consideration of the effects of. adjacent recording 
layers. Consequently, what is determined to be the optimal 
recording power sometimes differs slightly from the true 
value because of the effects of adjacent layers. 

A proposed solution to this problem is to check the 
usage status of the test areas in recording layers other 
than the layer in which information (user data) will be 
recorded, particularly in upper recording layers (disposed 
on the side toward the optical pickup) , before performing 
the test recording in the layer in which the information 
will be recorded (see, for example. Patent Document 1) . 
Patent Document 1: Japanese Patent Application Publication 
No. 2000-311346 (Figs. 1 to 8) 
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DISCLOSURE OF THE INVENTION 
Problems to be Solved by the Invention 
A problem with the method described in Patent Dociiment 
1 is that when test recording is performed in one recording 
layer, since the usage status of test recording areas in 
other layers is checked, considerable time must pass before 
recording can start. 

An object of the present invention is to shorten the 
time preceding the start of recording. 

Means of Solution of the Problems 
The invention provides a recording method for an 
optical disc having at least three recording layers, the 
method including 

a step of recording and reproducing test data for 
determining the optimal recording power when user data are 
recorded in each recording layer, and determining the 
optimal recording power by evaluating the reproduction 
results, wherein 

when test recording areas are formed by recording the 
test data, the test recording areas in the odd-numbered 
recording layers and the test recording areas in which the 
test data are recorded in the even-numbered recording layers 
do not overlap in the thickness direction of the optical 
disc, the test recording areas in the odd-numbered recording 
layers are mutually aligned in the thickness direction, and 
the test recording layers in the even-numbered recording 
layers are mutually aligned in the thickness direction. 

Effect of the Invention 
Since test recording areas in mutually adjacent layers 
do not overlap in this recording method, it is unnecessary 
to check the usage status of adjacent recording layers when 
a test recording is made. The time preceding the start of 
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recording can accordingly be shortened. Another effect is 
that, as the test recording areas are disposed in only two 
arrangements, one in the odd-numbered recording layers and 
another in the even-numbered recording layers, when part of 
an optical disc is reserved for reproducing use only, the 
manufacturing process of the optical disc can be simplified. 
Moreover, when the recording and reproducing device that 
performs the test recording has a control means that 
operates according to a computer program, the program can be 
simplified because only two types of processing are required, 
one for odd-numbered layers and one for even-numbered layers. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic plan view of an exemplary optical 
disc on which recording has been performed by a recording 
method according to a first embodiment of the invention. 

FIG. 2 is a schematic sectional view through line II-II 
in FIG. 1. 

FIG. 3 is a schematic block diagram showing an 
exemplary optical recording device used in practicing the 
recording method of the first embodiment of the invention. 

FIG. 4 is a flowchart showing a recording procedure in 
the first embodiment of the invention. 

FIG. 5 is a flowchart showing a test recording 
procedure in the first embodiment of the invention. 

FIG. 6 shows an example of a relationship between 
recording position and recording power in a test recording 
area . 

FIG. 7 shows a relationship between test recording 
position and jitter. 

FIG. 8 illustrates heat transfer from a focused spot to 

each recording layer. 

FIG. 9 is a schematic plan view of another exemplary 
optical disc on which recording has been performed by a 
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recording method according to the first embodiment of the 
invention. 

FIG. 10 is a schematic sectional view through line X-X 
in FIG. 9. 

FIG. 11 is a schematic plan view of yet another 
exemplary optical disc on which recording has been performed 
by a recording method according to the first embodiment of 
the invention . 

FIG. 12 is a schematic sectional view through line XII- 

XII in FIG. 11. 

FIG. 13 is a schematic plan view of an exemplary 
optical disc on which recording has been performed by a 
recording method according to a second embodiment of the 
invention . 

FIG. 14 is a schematic plan view of an exemplary 
optical disc on which recording has been performed by a 
recording method according to a third embodiment of the 
invention . 

FIG. 15 shows an example of a relationship between 
recording position and recording power in a test recording 
area in a coarse adjustment in a recording method according 
to a fourth embodiment of the invention. 

FIG. 16 shows an example of a relationship between test 
recording position and jitter in the coarse adjustment in 
the recording method according to a fourth embodiment of the 
invention . 

FIG. 17 shows an example of a relationship between 
recording position and recording power in a test recording 
area in a fine adjustment in the recording method according 
to a fourth embodiment of the invention. 

FIG. 18 shows an example of a relationship between test 
recording position and jitter in the fine adjustment in the 
recording method according to a fourth embodiment of the 
invention. 
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FIG- 19 is a flowchart showing a recording procedure in 
the coarse adjustment in the fourth embodiment of the 
invention . 

FIG. 20 is a flowchart showing a recording procedure in 
the fine adjustment in the fourth embodiment of the 
invention . 

Explanation of Reference Characters 
1, 2 optical disc, 11-14 recording layers, 20 user data 
area, 21-24 test recording areas, 30 management area, 31-34 
non-recording areas, 41-44 reproduce-only areas, 52 optical 
pickup, 55 laser driving circuit, 56 servo control circuit, 
58 central control circuit, 66 test pattern generating 
circuit, 67 reproducing circuit, 68 jitter detecting circuit. 

BEST MODE OF PRACTICING THE INVENTION 
Embodiments of the present invention will be described 
below with reference to the drawings. 

First Embodiment 
FIG. 1 is a schematic plan view of an exemplary optical 
disc on which test data have been recorded by a recording 
method according to a first embodiment of this invention; 
FIG. 2 is a schematic sectional view through line II-II in 
FIG. 1, showing the positional relationships of the test 
recording areas in each layer. 

In the optical disc 1 shown in FIGs . 1 and 2, four 
recording layers, are formed: a first recording layer 11, a 
second recording layer 12, a third recording layer 13, and a 
fourth recording layer 14, in order of their distance from 
the surface (the side facing the optical pickup) . In each of 
the first, second, third, fourth recording layers 11, 12, 13, 
14, test data are recorded to determine the optimal 
recording power for each recording layer, forming test 
recording areas 21, 22, 23, 24. 
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in the odd-numbered recording layers (which may be 
simply referred to as odd-numbered layers below) as counted 
from the surface (the lower side in FIG. 2, near the optical 
pickup described below) , these being the first and third 
recording layers 11 and 13, the test recording areas 21, 23 
are formed in positions mutually aligned in the thickness 
direction, both the starting points and the endpoints being 
aligned in the thickness direction; in the even-numbered 
recording layers (which may be simply referred to as even- 
numbered layers below) , these being the second and fourth 
recording layers 12 and 14, the test recording areas 22, 24 
are likewise formed in positions mutually aligned in the 
thickness direction, both the starting points and the 
endpoints being aligned in the thickness direction. 

The test recording areas 21, 23 in the odd-numbered 
layers and the test recording areas 22, 24 in the even- 
numbered layers are disposed in mutually non-overlapping 
positions . 

Moreover, as shown in FIG. 1, the test recording areas 
in the odd-numbered and the test recording areas in the 
even-numbered layers are both formed near the inner edge of 
the optical disc, that is, near the innermost circumference 
la. 

The areas (facing areas) facing the test recording 
areas 21, 22, 23, 24, specifically, the areas 31, 32, 33, 34 
aligned in the thickness direction and located in the 
adjacent recording layers, are areas in which test data are 
not recorded by an optical recording device (non-recording 
areas). In other words, the test recording areas 21 to 24 
are formed in positions facing the non-recording areas 31 to 
34. The non-recording areas may be, for example, reproduce- 
only areas. A reproduce-only area includes pits that record, 
for example, recording conditions for the optical disc such 
as its recommended write strategy parameters, a recommended 
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asymmetry value, and a recommended wavelength value; the 
data recorded in the reproduce-only area are usually read 
before a test recording is made, to determine the conditions 
of the test recording. 

When the facing areas are reproduce-only areas, the 
reproduce-only areas are formed when the optical disc is 
manufactured in positions that take the arrangement of test 
recording areas 21 to 24 (the positions in which test 
recording areas 21 to 24 will be formed) into consideration 
so that the reproduce-only areas will face the test 
recording areas 21 to 24 as described above. 

The area 30 between the test recording areas 21 to 24 
and the. non-recording areas 31 to 34 is used for recording 
disc management data, for example. 

The greater part of the optical disc, excluding the 
non-recording areas 31 to 34, the area 30 for recording 
management data, and the test recording areas 21 to 24, is a 
recordable user data area 20 . 

FIG. 3 is a schematic diagram showing an optical 
recording device used in recording on the optical disc. 

As shown in FIG. 3, this optical recording device 
includes an optical pickup -52 that focuses a laser beam on a 
selected recording layer (one of the recording layers 11 to 
14) of the optical disc 1 and receives the rgflected light, 
a laser driving circuit 55 that supplies laser driving 
signals to a laser 54 in the optical pickup 52, a servo 
control circuit 56 that supplies objective lens driving 
signals to the optical pickup 52, and a central control 
circuit 58 that controls the laser driving circuit 55 and 
servo control circuit 56. 

The optical pickup 52 has a laser (a semiconductor 
laser, for example) 54 that emits a laser beam for recording 
and reproducing information on the optical disc 1, a 
collimating lens 61, a beam splitter 62 that passes the 
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laser beam from the laser 54, directs the laser beam onto 
the optical disc 1, and deflects the light reflected from 
the optical disc 1 in a predetermined direction, an 
objective lens 63, a detection lens 64, and a photodetector 
65 that converts the reflected light to an electrical signal. 

The servo control circuit 56 drives the objective lens 
63 of the optical pickup 52 to perform tracking control and 
focusing control according to output from the photodetector 
65.. 

The laser driving circuit 55 controls the power of the 
laser beam emitted from the laser 54 by adjusting the level 
of current supplied to the laser 54. 

The optical recording device also includes a test 
pattern generating circuit 66, a reproducing circuit 67 that 
reproduces signals including information detected by the 
photodetector 65, and a jitter detecting circuit 68 that 
detects jitter in the reproduced signals output from the 
reproducing circuit 67 . 

In writing and reading, a desired recording layer is 
selected by a focusing control operation using the servo 
control circuit 56. More specifically, the beam is focused 
on the desired recording layer. 

When test data are recorded, a test pattern is output 
to the laser driving circuit 55 from the test pattern 
generating circuit 66. The laser driving circuit 55 receives 
a recording power command from the central control circuit 
58, and supplies test pattern current to the laser 54 at a 
level corresponding to the commanded optical power. 

A laser beam corresponding to the test pattern current 
is emitted from the laser 54, passes through the collimating 
lens 61, beam splitter 62, and objective lens 63, and is 
focused so as to illuminate the selected recording layer 
(one of the recording layers 11, 12, 13, 14) of the optical 
disc 1, and test data corresponding to the test pattern are 
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recorded in the recording layer. 

When the recorded test data are reproduced, the laser 
driving circuit 55 is given a reproducing power corranand by 
the central control circuit 58, and supplies current at a 
level corresponding to the reproducing power to the laser 54. 
The laser beam emitted from the laser 54 passes through the 
collimating lens 61, beam splitter 62, and objective lens 63, 
and is focused to illuminate the selected recording layer 
(one of the recording layers 11, 12, 13, 14) of the optical 
disc 1 . 

The light reflected from the selected recording layer 
passes through the objective lens 63, is reflected in the 
beam splitter 62, passes through the detecting lens 64, is 
received by the photodetector 65, and is converted to an 
electrical signal. The detected signal from the 
photodetector 65 is output to the servo control circuit 56 
and the reproducing circuit 67 . 

The servo control circuit 56 performs tracking control 
and focusing control according to the detected signal. 

The reproducing circuit 67 decodes and corrects errors 
in the detected signal, and outputs a reproduced signal. The 
reproduced signal from the reproducing circuit 67 is 
supplied to the jitter detecting circuit 68, which detects 
jitter in the reproduced signal. 

The central control circuit 58 includes, for example, a 
central processing unit (CPU) 58a, a program memory 58b that 
stores programs executed by the CPU, and a data memory 58c 
that stores data. The programs stored in the program memory 
58b include programs for controlling the operations 
described below. 

The above optical recording device can record not only 
user data but also test data. A test recording is made by 
using the optical recording device as described below. 

A test recording is made before user data are recorded 
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in each recording layer; part of each recording layer is 
designated as a test recording area. Test recording areas 
are designated in the alignments shown in FIGs . 1 and 2. 

Referring to FIG. 4, the procedure for recording will 
be described below. 

The description will initially assume that a recording 
is to be made in the first recording layer 11. 

First, in step SI the focal point (the spot of light) 
is moved to the recording layer in which the recording will 
be made: for example, the first recording layer 11. The 
central control circuit 58 gives the servo control circuit 
56 information designating the target recording layer for 
focusing control (the tracking target) ; the servo control 
circuit 56 moves the objective lens 63 in a direction 
perpendicular to the recording surface of the optical disc 
according to this information. 

Next, in step S2 the focal point is moved to the test 
recording area in the recording layer: for example, test 
recording area 21. The central control circuit 58 gives the 
servo control circuit 56 information (a track address) 
designating a target track for a seeking and tracking 
operation; the servo control circuit 56 moves the objective 
lens 63 in a direction parallel to the recording surface of 
the optical disc according to this information, and then 
detects a designated sector by to its sector address. 

Next, in step S3 test data are recorded in the test 
recording area 21, and the optimal recording power is 
determined by reproducing the signal including the test data. 
Information indicating the optimal recording power is stored 
in the data memory 58c in the central control circuit 58. 

In this specification, the procedure from step SI to 
step S3 may be simply referred to as test recording. 

User data are then recorded in the user data area 20 in 
the recording layer, using the optimal recording power 
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stored in the data memory 58c in step S4. 

The procedure from step SI to step S4 is also used in 
the other recording layers, specifically, the second to 
fourth recording layers 12 to 14: user data are recorded 
(step S4) after a test recording (steps SI to S3) . Before 
"step S4 (the recording of user data) ends in one recording 
layer, steps SI to S3 (test recording) may be carried out in 
another recording layer. 

For example, if recordings are made in the first, 
second, third, and fourth recording layers in this order, a 
test recording may be made in the second recording layer 12 
before the recording of user data in the first recording 
layer 11 ends, e.g., between the recording of different 
pieces of user data in the first recording layer 11. 
Similarly, a test recording may be made in the third 
recording layer 13 before the recording of user data in the 
second recording layer 12 ends, e.g., between the recording 
of different pieces of user data in the first and second 
recording layers 11 and 12. Similarly, a test recording may 
be made in the fourth recording layer 14 before the 
recording of user data in the third recording layer 13 ends, 
e.g., between the recording of different pieces of user data. 

Because the recording conditions that affect the 
optimal recording power change from time to time, however, 
the interval from when a test recording is made in a 
recording layer to when the recording of user data starts in 
that recording layer is preferably short. Most preferably, a 
test recording is made in a given recording layer just 
before the start of the recording of user data in that 
recording layer. 

In the first to fourth recording layers, the test 
. recording areas in which test data are recorded are disposed 
as described above with reference to FIGs . 1 and 2 . When, 
for example, the central control circuit 58 designates an 
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area in which test data are to be recorded by a track 
address and a sector address, the track address and the 
sector address are determined so as to give the alignment 
shown in FIGs. 1 and 2. 

FIG. 5 shows the details of the processing in step S3 
in FIG. 4, specifically, the process of recording and 
reproducing test data in the test recording areas, and the 
determination of the optimal recording power. 

As shown in FIG. 5, first, test data are recorded in 
the test recording area in steps Sll to S14. Next, the 
recorded signal is reproduced in step S15. The optimal 
recording power is then determined according to the 
reproduced signal in step S16. 

When the test data are recorded in a test recording 
area, the recording power level is changed during the 
recording. In the example shown in FIG. 6, the recording 
power is decreased in steps. Therefore, the recording power 
is first set at an initial value (Pi) in step Sll, a portion 
having a predetermined length is specified in the as yet 
unrecorded part (free space) of the test recording area (the 
area in which the test data are to be recorded) , and test 
data are recorded in the specified portion in step S12; then 
the recording power level is changed, e.g., decreased, . by a 
predetermined step width Ap (the resolution of the power 
determination) in step S13 . If it is then decided in step 
SI 4 that the number of times the recording power level has 
been changed has not reached a predetermined number, the 
processing returns to step S12, a portion having the 
predetermined length is specified in the free space in the 
test recording area again, and test data are recorded in the 
specified portion in step S12 at the new power level. When 
the number of times the recording power level has been 
changed reaches the predetermined niimber in step S14, the 
processing proceeds to step S15. The portion having the 
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predetermined length is specified in the free space in step 
S12 by specifying a sector address in the free space. 

In step S14, whether the recording power level has 
reached (or been reduced to) a predetermined value may be 
determined, instead of deciding whether the nxamber of times 
the recording power level has been changed has reached a 
predetermined number . 

In the above-described stepping of the recording power 
level, the initial value is the upper limit (maximxim value) 
Pomax in a range (Rl) considered to be the maximum range of 
variation of the optimal recording power level due to all 
possible variations in the optical disk manufacturing 
process and recording conditions (such as temperature) , and 
the final value is the lower limit (minimum value) Pomin of 
this range (Rl) . 

In step S15, the recorded test data are reproduced, the 
relationship between the value of the recording power and 
the quality (jitter, for example) of the reproduced signal 
is found as shown in FIG. 7, and the recording power 
generating the reproduced signal of the best quality 
(minimum jitter) is taken as the optimal recording power in 
step S16. 

The optimal recording power may be obtained from the 
relationship between the recording power level and the 
amplitude of the reproduced signal, instead of the 
relationship between the recording power level and jitter. 
This is because disc space in the test recording areas is 
limited in actual optical disc devices, and because it takes 
time to find the relationship between the recording power 
level and jitter. The optimal recording power may also be 
obtained from the relationship between the recording power 
level and an asymmetry value. The optical recording device 
then includes a reproduced signal amplitude detecting 
circuit or an asymmetry value detecting circuit instead of 
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the jitter detecting circuit 68 in FIG. 3. 

In the first embodiment, as described above, test 
recording areas are disposed in adjacent recording layers in 
mutually non-overlapping positions in the thickness 
direction of the optical disc. The reason is as follows. 
Because recordings are made in a test recording area by 
changing the recording power level from a value smaller than 
the estimated optimal value to a value greater than the 
estimated optimal value, the recordings are partly made at a 
comparatively high recording power level . Because the 
recording power level is determined individually for each 
optical disc device, and would be difficult to restrict, 
there is a strong probability that recording in a test 
recording area will affect the facing area, specifically, 
the area located in the adjacent recording layer and aligned 
in the thickness direction. In order to prevent such effects, 
the test recording areas in adjacent recording layers are 
disposed in mutually non-overlapping positions in the 
thickness direction. 

For example, when the recording power illuminates, e.g., 
the third recording layer 13 in FIG. 8, some of the 
recording power is also delivered to the second recording 
layer . 12, which is one layer nearer the optical pickup 52. 
The magnitude of the effect produced differs depending on 
the spacing between the recording layers ; a greater spacing 
enlarges the diameter of the spot of* light, lowers the 
energy density, and reduces the effect. In the adjacent 
recording layer (the second recording layer 12) , however, 
the energy density is high enough that the effect cannot be 
ignored. 

The test recording areas in two recording layers such 
as the first and third recording layers 11 and 13 that " are 
separated by an intervening recording layer are mutually 
aligned in the thickness direction for the following reason. 



14 



550228WO01T 

First, when a recording is made in one of two recording 
layers separated by an intervening recording layer, the 
effect described above on the other recording layer is 
comparatively small. For example, in FIG. 8, the effect on 
the first recording layer 11, which is separated by the 
adjacent second recording layer 12 from the third recording 
layer 13 on which the light is focused, is significantly 
less than the effect on the second recording layer 12, and 
can be ignored. This is because the magnitude of the effect 
decreases in proportion to the second power of the distance 
between the recording layers . 

The same conclusion is reached by considering heat 
transfer paths. Since the recording layers include materials 
of comparatively high thermal conductivity such as metal 
film and dye, heat is transferred along each recording layer 
as indicated by arrows Dl to D4 in FIG. 8. Most of the heat 
is dissipated along the heat transfer path D3 in the third 
recording layer 13, on which the light is focused, and along 
the heat transfer paths D2 and D4 in the adjacent second and 
fourth recording layers 12 and 14, leaving only a very small 
amount of heat to be transferred to the first recording 
layer 11. 

In a recordable optical disc having at least three 
layers, placing the test recording areas in all the 
recording layers in mutually non-overlapping positions could 
also be considered, but that would give rise to the 
following problem. For example, if the test recording area 
23 in the third recording layer 13 were to be placed in an 
area facing neither the test recording area 21 in the first 
recording layer 11 nor the test recording area 22 in the 
second recording layer 12, the total area facing the test 
recording areas would be increased, and since this facing 
area is unsuited for the recording of normal user data, the 
usage efficiency of the recording areas would be reduced. 



15 



550228WO01T 



If, for example, the test recording areas were to be 
disposed in positions facing. a reproduce-only area, the 
structure of the recording layers of the optical disc (the 
location of the reproduce-only area) would vary from one 
recording layer to another, making the optical disc 
manufacturing process more complicated. Moreover, the 
addressing programs used in the recording and reproducing 
device for test recording and for the recording of user data 
would become more complex. 

On the other hand, in the first embodiment, for example, 
the test recording area 23 in the third recording layer 13 
and the test recording area 21 in the first recording layer 
11 are disposed in positions aligned in the thickness 
direction, both facing the same area in the other layers. 
Thus no additional area in the other layers faces a test 
recording area, and the identical alignment of areas in the 
third recording layer 13 and the first recording layer 11, 
simplifies the optical disc manufacturing process and the 
programming of the recording and reproducing device. 

Similarly, the test recording area 24 in the fourth 
recording layer 14 and the test recording area 22 in the 
second recording layer 12 are disposed in positions aligned 
in the thickness direction, so that there is no new 
additional area facing the test recording area 24 in the 
fourth recording layer 14. The identical alignment of the 
fourth recording layer 14 and the second recording layer 12 
also simplifies the optical disc manufacturing process and 
the program in the recording and reproducing device. 

Although an optical disc having four layers has been 
described in the first embodiment, in an optical disc having 
only three layers or having five or more layers, the test 
recording areas in the odd-numbered recording layers may be 
similarly formed in positions mutually aligned in the 
thickness direction, and the test recording areas in the 
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even-numbered recording layers may be formed in positions 
mutually aligned in the thickness direction. 

Moreover, as described above, because the test 
recording areas 21 to 24 are formed in positions facing non- 
recording areas 31 to 34, the following effects are obtained. 
More specifically, if the test recording areas in mutually 
adjacent layers were to overlap, a test recording made in 
one layer might affect the facing test area, so that when a 
test recording was made in the facing test area later, it 
might not be possible to carry out an accurate test. This 
problem is solved by placing a non-recording area such as a 
reproduce-only area, which is not affected by the recording 
power, in a position facing each test recording area. 

Although in the example described above, the reproduce- 
only area is identical to the area facing the test recording 
area, the reproduce-only area may also occupy an additional 
area not facing the test recording area. An example of such 
a structure is shown in FIGs . 9 and 10. FIG. 9 is an 
enlarged plan view of a central region of an optical disc, 
similar to FIG. 1, and FIG. 10 is a schematic sectional view 
through line X-X in FIG. 9, similar to FIG. 2. 

The optical disc in FIGs. 9 and 10 is similar to the 
optical disc in FIGs. 1 and 2. However, reproduce-only areas 
41 and 43 in the odd-numbered recording layers 11 and 13 are 
formed in positions mutually aligned in the thickness 
direction, reproduce-only areas 42 and 44 in the even- 
numbered recording layers 12 and 14 are formed in positions 
mutually aligned in the thickness direction, and parts 41a 
and 43a of the reproduce-only areas 41 and 43 in the odd- 
numbered recording layers 11 and 13 are formed in positions 
that do not overlap at least parts 42a and 44a of the 
reproduce-only areas 42 and 44 in the even-numbered 
recording layers 12 and 14 in the thickness direction of the 
optical disc. 
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The test recording areas 22 and 24 in the even-niombered 
recording layers 12 and 14 are formed in positions facing 
parts 41b and 43b of these parts 41a and 43a of the 
reproduce-only areas 41 and 43 in the odd-numbered recording 
layers 11 and 13, and the test recording areas 21 and 23 in 
the odd-numbered recording layers 11 and 13 are formed in 
positions facing parts 42b and 44b of parts 42a and 44a of 
the reproduce-only areas 42 and 44 in the even-numbered 
recording layers 12 and 14. 

The test recording areas 22 and 24 in the even-n\imbered 
recording layers 12 and 14 may be formed in positions facing 
all of parts 41a and 43a of the reproduce-only areas 41 and 
43 in the odd-ntimbered recording layers 11 and 13, and the 
test recording areas 21 and 23 in the odd-numbered recording 
layers 11 and 13 may be formed in positions facing all of 
parts 42a and 44a of the reproduce-only areas 42 and 44 in 
the even-numbered recording layers 12 and 14. 

In order to form the optical disc shown in FIGs. 9 and 
10, first, an optical disc in which the reproduce-only areas 
41 to 44 are formed as shown in FIGs. 9 and 10 is obtained. 
Next, in the recording layers 11 to 14, the test recording 
areas 21 to 24 are formed in positions shown in FIGs. 9 and 
10 by making a test recording in each recording layer as in 
the procedure described above. 

In the example shown in FIGs . 1 and 2 , the non- 
recording areas 31 to 34 facing the test recording areas 21 
to 24 are reproduce-only areas, but the non-recording areas 
31 to 34 need not be reproduce-only areas. If the test 
recording areas face reproduce-only areas, recording and 
reproducing in the test recording areas may be affected by 
pits in the reproduce-only areas; this problem is solved by 
placing the reproduce-only areas in areas not facing the 
test recording areas, and using the areas facing the test 
recording areas as non-recording areas that are not 
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reproduce-only areas. An example of such an alignment of 
recording areas is shown in FIGs. 11 and 12. FIG. 11 is a 
plan view, similar to FIG. 1, and FIG. 12 is a schematic 
sectional view through line XII-XII in FIG. 11, similar to 
FIG. 2. 

The optical disc in FIGs. 11 and 12 is similar to the 
optical disc in FIGs. 1 and 2. However, the areas 31 to 34 
facing the test recording areas 21 to 24 are non-recording 
areas that are not reproduce-only areas, and reproduce-only 
areas 41 to 44 are formed in positions outward of and 
adjacent to the test recording areas 21 to 24 and the facing 
areas 31 to 34. 

In the optical disc in FIGs. 9 and 10, and the optical 
disc in FIGs. 11 and 12, before a test recording in each 
recording layer (one of the recording layers 11 to 14) , the 
recording device reads recording, conditions from the 
reproduce-only area (one of the reproduce-only areas 41 to 
44) in the same recording layer, then moves the focal point 
of the optical pickup to the test recording area, and makes 
the test recording. Recording conditions for the test 
recording, or at least the initial values used in the test 
recording, are set according to the recording conditions 
read from the reproduce-only area. 

As described above, if a reproduce-only area which 
stores recording conditions is placed in a position adjacent 
to a test recording area, an advantage is that after the 
processing for reading of the recording conditions is 
carried out, the distance traveled by the focal point to the 
area that records test data can be shortened, so the time 
required for a test recording can also be shortened. 

Second Embodiment 

FIG. 13 is a schematic plan view of an exemplary 
optical disc on which test data have been recorded by a 
recording method according to a second embodiment of this 
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invention. In the optical disc 2 shown in FIG. 13, four 
recording layers are formed: a first recording layer 11, a 
second recording layer 12, a third recording layer 13, and a 
fourth recording layer 14, in order of their distance from 
the surface, similar to the optical disc 1 in FIGs. 1 and 2. 
In the first, second, third, and fourth recording layers 11, 
12, 13, 14, test recording areas 21, 22, 23, 24 for 
determining the optimal recording power for each recording 
layer are formed. 

In the first embodiment, the test recording areas in 
the odd-numbered layers and the even-numbered layers are all 
formed near the inner edge of the optical disc 1, that is, 
near the innermost circumference la, but in the second 
embodiment, although the test recording areas 21 and 23 in 
the odd-numbered layers 11 and 13 are located near the inner 
edge, that is, near the innermost circumference la, the test 
recording areas 22 and 24 in the even-numbered layers 12 and 
14 are disposed near the outer edge, that is, near the 
outermost circumference lb. 

An advantage of this type of arrangement is as follows . 
Since the test recording area 21 in the first recording 
layer 11 is formed near the inner edge, for example, a 
recording in the first recording layer 11 starts near the 
inner edge; a test recording is made in the test recording 
area near the inner edge; then user data are recorded 
sequentially from the inner edge toward the outer edge, and 
the recording in the first recording layer 11 ends near the 
outer edge. 

When a test recording is made near the inner edge, 
because the focal point is first moved to the outwardly 
adjacent reproduce-only area to read the information about 
recording conditions, the focal point must then move 
slightly inward, but this is a comparatively small movement 
(a small amount of travel in the radial direction) , so it is 
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true as a whole that the recording proceeds from the inner 
edge toward the outer edge, even if the focal point moves as 
described above. 

Next, in order to start recording in the second 
recording layer 12, the focal point has to be moved from the 
first recording layer 11 to the second recording layer 12. 
If the test recording area 22 in the second recording layer 
12 were to be formed near the inner edge, the focal point 
would have to be moved from the outer edge to the inner edge, 
requiring extra access time. If the test recording area 22 
. is formed near the outer edge as in the second embodiment, 
such travel of the focal point in the second recording layer 
12 {until it reaches the test recording area 22) is 
unnecessary; when the recording in the first recording layer 
11 ends, the focal point is near the outer edge, so it only 
has to be moved from the first recording layer 11 to the 
second recording layer; a test recording is made in the test 
recording area 22 near the outer edge; then user data are 
recorded, proceeding from the outer edge toward the inner 
edge. The time for a test recording can accordingly be 
shortened. 

Similarly, when all recording (test recording and the 
recording of user data) in the second recording layer 12 is 
completed, the focal point is near the inner edge of the 
optical disc, and when the focal point is moved from the 
second recording layer 12 to the third recording layer 13 to 
start recording in the third recording layer 13, since the 
test recording area 23 is formed near the inner edge, no 
movement of the focal point in the third recording layer 13 
is necessary, so the time for the test recording can be 
shortened . 

Similarly, when all recording (test recording and the 
recording of user data) in the third recording layer 13 is 
completed, the focal point is near the outer edge of the 



21 



550228WO01T 



optical disc, and when the focal point is moved from the 
third recording layer 13 to the fourth recording layer 14 to 
start recording in the fourth recording layer 14, since the 
test recording area 24 is formed near the outer edge, no 
movement of the focal point in the fourth recording layer 14 
is necessary, so the time for the test recording can also be 
shortened . 

The time for test recording can thus be shortened 
because the test recording areas 21 and 23 in the odd- 
numbered first and third recording layers 11 and 13 are 
formed near the inner edge and the test recording areas 22 
and 24 in the even-numbered second and fourth recording 
layers are formed near the outer edge, as described above. 

Instead of this arrangement, the test recording areas 
21 and 23 in the odd-numbered first and third recording 
layers 11 and 13 may be formed near the outer edge and the 
test recording areas 22 and 24 in the even-numbered second 
and fourth recording layers may be formed near the inner 
edge; a similar effect is also obtained in this case. 

The procedures for making test recordings by using each 
recording area and determining the optimal recording power 
for each recording layer are the same as in the first 
embodiment. 

Third Embodiment 
FIG. 14 is a schematic plan view of an exemplary 
optical disc on which test data have been recorded by a 
recording method according to a third embodiment of this 
invention. In the optical disc 2 shown in FIG. 14, four 
recording layers are formed: a first recording layer 11, a 
second recording layer 12, a third recording layer 13, and a 
fourth recording layer 14, in order of their distance from 
the surface, similar to the optical disc 1 in FIGs . 1 and 2 
and the optical disc in FIG. 13. The optical disc 2 in FIG. 
14 differs from the optical disc 1 in FIGs. 1 and 2 and the 
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optical disc 2 in FIG. 13 by having test recording areas 
near both the inner edge, that is, the innermost 
circumference la, and the outer edge, that is, the outermost 
circumference lb, in each recording layer. More specifically, 
the first recording layer 11 has a test recording area 21A 
near the inner edge, and a test recording area 2 IB near the 
outer edge. Similarly, the second, third, and fourth 
recording layers 12, 13, 14 have test recording areas 22A, 
23A, 24A near the inner edge, and test recording areas 22B, 
23B, 24B near the outer edge, respectively. 

An advantage of forming test recording areas in each 
layer near both the inner edge and the outer edge as 
described above is as follows. When recording on the optical 
disc is performed at high speed, in order to obtain the same 
linear velocity, the optical disc has to be rotated near the 
inner edge almost twice as fast as near the outer edge, but 
this often exceeds the limit within which the disc motor can 
be used. When recording on the optical disc is performed at 
high speed, because conditions near the inner edge differ 
considerably from conditions near the outer edge, the 
optimal recording power obtained by making test recordings 
in a test recording area near the inner edge may be 
inappropriate for use in recording user data near the outer 
edge. The optimal recording power obtained by making test 
recordings in a test recording area near the outer edge may 
also be inappropriate for use in recording user data near 
the inner edge. This problem is solved by forming test 
recording areas near both the inner edge and the outer edge, 
as shown in FIG. 14, and determining the optimal recording 
power by using both the optimal recording power obtained by 
making test recordings in the test recording area near the 
inner edge and the optimal recording power obtained by 
making test recordings in the test recording area near the 
outer edge, together with the radial position at which the 
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user data are recorded. For example, the optimal recording 
power obtained by making test recordings in the test 
recording area near the inner edge may be used for recording 
user data near the inner edge, specifically, inward of a 
predetermined position in the radial direction, e.g., the 
midpoint position, and the optimal recording power obtained 
by making test recordings in the test recording area near 
the outer edge may be used for recording user data near the 
outer edge, specifically, outward of a predetermined 
position in the radial direction, e.g., the midpoint 
position. Alternatively, user data may be recorded by using 
a recording power obtained by taking a weighted average of 
the optimal recording power obtained by making test 
recordings in the test recording area near the inner edge 
and the optimal recording power obtained by making test 
recordings in the test recording area near the outer edge, 
weighted according to the recording position of the user 
data {the radial position) . 

Fourth Embodiment 
Although a procedure for test recording has been 
described in relation to the first embodiment above, test 
recordings can be made by a differing procedure described 
below, instead of the procedure in the first embodiment. 

More specifically, in the first embodiment, test 
recordings in each recording layer are made in a sequence of 
operations in which, in the recording of the test data, the 
recording power level is changed (step S13 in FIG. 5) in 
steps of a width set at a value necessary for determining 
the optimal recording power with sufficient accuracy, but 
the procedure described above may be performed in plurality 
of stages. 

A procedure performed in two stages will be described 
below. The first stage is, as it were, a coarse adjustment: 
test data are recorded at a plurality of recording power 



24 



550228WO01T 



values differing by a first predetermined step width in a 
test recording area, the recorded test data are reproduced, 
and an approximate value of the optimal recording power is 
determined by evaluating the reproduction results. The 
second stage is, as it were, a fine adjustment: test data 
are recorded at a plurality of recording power values in a 
range near the approximate value of the optimal recording 
power, differing by a second predetermined step width 
smaller than the first predetermined step width in the test 
recording area, the recorded test data are reproduced, and a 
more precise value of the optimal recording power is 
determined by evaluating the reproduction results. 

In the coarse adjustment, for example, the recording 
power level is changed in steps of a comparatively large 
width throughout a range (a maximum range) considered to 
include all possible values of the optimal recording power 
level despite variations in the optical disk manufacturing 
process and recording, conditions (such as temperature) , and 
a range around the approximate value of the optimal 
recording power, i.e., a range determined to include the 
optimal recording power, is obtained under the current 
recording conditions for each recording layer in the 
currently used optical disc. In the fine adjustment, the 
recording power level is changed in steps of a comparatively 
small width in the range determined to include the optimal 
recording power, and the optimal recording power is obtained. 

In the coarse adjustment, for example, in the maximum 
range Rl, the recording power level is changed in steps of a 
comparatively large width API, and the optimal value Po is 
found to be included in the range from a recording power Pq 
to a recording power (Pq - API), as shown in FIGs . 15 and 16. 
In the fine adjustment, as shown in FIGs. 17 and 18, the 
recording power level is changed in steps of a width AP2 
smaller than step width Apl in the range from recording 
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power Pq to recording power (Pq - Api) , and the optimal 
value Po is determined. 

FIGS. 19 and 20 are flowcharts showing the processes 
described above. Of these processes, the process of the 
coarse adjustment shown in FIG. 19 is broadly the same as 
the process in FIG. 5, steps S21 to S27 corresponding to 
steps Sll to S17, respectively, but the step width by which 
the recording power is changed in step S23 is larger than 
the step width in step S13. In step S26, the optimal 
recording power is not determined as in step SI 6; instead, a 
process for determining a range that includes the optimal 
recording power is performed. 

The fine adjustment process shown in FIG. 20 is broadly 
the same as the process in FIG. 5, steps S31 to S37 
corresponding to steps Sll to S17, respectively, but the 
initial value of the initialized recording power level in 
step S31 is set at the upper limit of the range determined 
in step S26. In step S34, in which whether the predetermined 
changes of the recording power level have been completed is 
decided, whether the recording power level has reached the 
lower limit in the range determined in step S26 is 
determined. 

When the procedure is performed in two stages as 
described above, the fine adjustment may be performed at 
once after the coarse adjustment ends, or after the coarse 
adjustment and another procedure end. 

For example, when an optical disc has a plurality of 
recording layers, e.g., two recording layers, and user data 
are recorded first in one of the recording layers (the first 
recording layer) , then in the other recording layer (the 
second recording layer) , before the recording of user data 
starts in the first recording layer, a test recording may be 
made in the first recording layer and the first-stage test 
recording (the coarse adjustment) described above may be 
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made in the second recording layer; then, after the 
recording of user data ends in the first recording layer and 
before the recording of user data starts in the second 
recording layer, the second-stage procedure (the fine 
adjustment) described above may be performed. 

When a continuous recording is made across the first 
and second recording layers, the interval from when the 
recording of user data ends in the first recording layer to 
when the recording of user data starts in the second 
recording layer is preferably short. On the other hand, 
since recording conditions (such as temperature) change from 
time to time, most preferably, the fine adjustment is 
performed in a given recording layer just before the start 
of the recording of user data in that recording layer. The 
procedure described above satisfies these two requirements. 

In the procedure described above, the first-stage 
process (the coarse adjustment) may be performed in the 
second recording layer either before or after the test 
recording in the first recording layer. The test recording 
in the first recording layer may be made in two stages , or 
in one stage as described with reference to FIG, 5. 

Moreover, when the recording of user data in the first 
recording layer is suspended for a time of sufficient length 
to perform the first-stage test recording (the coarse 
adjustment) in the second recording layer, the coarse 
adjustment may be performed in the second recording layer 
during the suspension. The essential point is that if the 
coarse adjustment is performed in the second recording layer 
before the recording of user data ends in the first 
recording layer, then the time from the end of the recording 
of user data in the first recording layer to the start of 
recording of user data in the second recording layer can be 
shortened because only the fine adjustment is required in 
the second recording layer. 
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Fifth Embodiment 

Although the recording of user data in each recording 
layer is preceded by a test recording in the first 
embodiment, in an alternative process, test recordings 
(steps SI to S3) may be made in several or all of the 
recording layers in an optical disc before the recording of 
user data starts in any of those recording layers. 

In this case, after test data are recorded (steps 511 
to S14 in FIG. 5) in one recording layer and reproduced 
(step S15) , and the optimal recording power is determined 
(step 516) , test data may be recorded (steps 511 to 514) in 
another recording layer, or after test data are recorded in 
a plurality of recording layers (steps 511 to S14) , the test 
data may be reproduced in succession in the plurality of 
recording layers (step 515) , and the optimal recording 
powers may be determined (step 516) in the plurality of 
recording layers . 

If the recording of user data starts after test 
recordings have been made in a plurality of recording layers 
as described above, when a continuous recording spans one 
recording layer (the first recording layer) and another 
recording layer (the second recording layer) , an advantage 
is that the recording of user data starts in the second 
recording layer immediately after the recording of user data 
ends in the first recording layer (because no, test recording 
is necessary) . 

Whether to make a test recording before user data are 
recorded in each recording layer or to make a plurality of 
test recordings before user data are recorded in a plurality 
of recording layers as described above can also be selected. 
For example, a recording device may include a control input 
means for making a selection, so that a user can make a 
selection by operating the control input means . When the 
user makes a recording that is expected to extend over a 
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plurality of recording layers, for example, the user may, by 
operating the control input means, have test recordings made 
in that plurality of recording layers. 

When test recordings are made before user data are 
recorded in a plurality of recording layers as described 
above, if the test recording aireas in all recording layers 
are formed near the inner edge of the optical disc as shown 
in FIGS. 1 and 2, or alternatively, if the test recording 
areas in all recording layers are formed near the outer edge 
of the optical disc, then the focal point remains located 
near the inner edge or the outer edge and only has to be 
moved between recording layers, with the effect of 
shortening the test recording time. 

Sixth Embodiment 

Although the first to fifth embodiments have been 
described as making a test recording before user data are 
recorded in each recording layer and recording user data in 
the recording layer at the optimal recording power thereby 
determined, this does not necessarily mean that the same 
recording power has to be used across all of the recording 
layer; during the recording of user data in each recording 
layer, temperature variations etc. may be detected and the 
power may be adjusted accordingly. 

When the recording of user data is suspended during the 
recording of user data in a recording layer, a test 
recording may be made, for example, and a newly determined 
optimal recording power may be used for recording subsequent 
user data. 

The condition for making a new test recording in each 
recording layer as described above may be a temperature 
change greater than or equal to a predetermined value, or a 
lapse of at least a predetermined time from the previous 
test recording. 

Seventh Embodiment 
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Even when the recording of user data (step S4) starts 
after test recordings (steps SI to S3) have been made in 
several or all of the recording layers in the optical disc 
as described in the fifth embodiment, for example, if the 
recording of user data is suspended during the recording of 
user data in one recording layer, a test recording may be 
made, and a newly determined optimal recording power may 
used for the subsequent recording of user data in that one 
recording layer; in this case, when the recording of user 
data ends in the one recording layer and begins in a new 
recording layer, the recording of user data in the new 
recording layer may start at a recording power level 
determined from the recording power level that was used at 
the conclusion of the recording of user data in the previous 
recording layer and the ratio between the respective optimal 
recording power levels obtained for the two recording layers 
when test recordings were first made in the plurality of 
recording layers. 

For example, suppose that test recordings are made 
before the recording of user data starts in first and second 
recording layers, the optimal recording power levels in the 
first and second recording layers are determined as Pola and 
Po2a. The recording of user data then starts in the first 
recording layer with use of recording power Pola, but the 
recording is discontinued and a new test recording is made, 
yielding a new optimal recording power Polb. The subsequent 
recording in the first recording layer is made with use of 
this optimal recording power Polb, so the optimal recording 
power in use at the conclusion of the recording of user data 
in the first recording layer is Polb. The ratio between the 
respective optimal recording power levels obtained for the 
two recording layers when test recordings were first made in 
the plurality of the recording layers is Po2a/Pola. The 
optimal recording power Polb and the ratio Po2a/Pola are 
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used to calculate a power level Po2b as follows 

Po2b = Polb X (Po2a/Pola) 

and Po2b is used as the optimal recording power when the 
recording of user data starts. in the second recording layer. 

Consequently, when a continuous recording is made 
across the first and second recording layers, an advantage 
is that the recording of user data starts in the second 
recording layer immediately after the recording of user data 
ends in the first recording layer (because no test recording 
is necessary) . 

Moreover, if the suspension of the recording of user 
data in one recording layer is comparatively long and 
provides sufficient time to make test recordings in the one 
recording layer and the next recording layer that will be 
used for recording, test recordings may be made again in 
both the one recording layer and the next recording layer, 
while if the suspension time during the recording of user 
data in the one recording layer is comparatively short and 
does not provide sufficient length to make test recordings 
in both recording layers, but does provide sufficient length 
to make a test recording in the one recording layer, a test 
recording may be made again in only the one recording layer. 
The recording of user data may then start in the next 
recording layer at a power level determined by use of the 
recording power that was used at the conclusion of the 
recording of user data in the one recording layer and the 
ratio between the optimal recording power levels obtained 
for the two recording layers when the last simultaneous test 
recordings were made in the two recording layers . 

In this case also, whether to make the recording as 
described above may be selected by the user by operating a 
control input means. 
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